Coombabah Lake (6912750m N, 534400m E) is a semi-urbanised, sub-tropical, shallow, estuarine lake of regional, national and international marine conservation and habitat significance. Coombabah Lake is recognised as a wetland of significant importance under the 'Convention on Wetlands' as part of the Moreton Bay Ramsar wetland and is zoned as both a protected marine conservation and habitat zone, and declared fish habitat area (Queensland Fisheries Act 1994) . Furthermore, the lake is an important destination for many northern hemisphere migratory birds and as such and Moss, 1999) small micro-tidal creek approximately 17 km long, originating in the Nerang State Forest (upper catchment). The catchment of the creek is approximately 44 km 2 (Gutteridge et al., 2003) . Coombabah Lake is located within southern Moreton Bay (Figure 1 ), Australia, one of the fastest growing regions in the developed world (Skinner et al., 1998) . During recent years major changes have occurred within the catchment, including the reduction of bushland from 27 to 13% and an increase in urban residential land from 23 to 33% (Sinclair Knight Merz, 1997) . Population growth proves to be one of the major environmental pressures applied to the region, resulting in more intensive land uses and raising concerns over the wellbeing of healthy aquatic ecosystems. Development within the lake catchment and lake fringes is likely to cause increases in contaminant and suspended material loads entering Coombabah Lake through construction and post-construction phases.
Most contaminants entering estuarine systems are bound to suspended organic and inorganic particles, which eventually end up in bottom sediments. The quality of sediments within the lake is important for future sustainability of the environment and ecology of the system and southern Moreton Bay. This is especially important in shallow water bodies, such as Coombabah Lake, where resuspension has been shown to enhance nutrient loadings within surface waters (Kasih et al., 2004; Sondergaard et al., 1992) . It is well established that elevated concentrations of nutrients within estuarine surface sediments and waters can have deleterious effects (Faulkner, 2004) , impacting flora and fauna communities and nutrient cycling patterns (Lee et al., 2006) . This article provides the first account of lake-wide baseline data of physical (Table 1) and during November 2005 samples were again collected from eight sample grids (circled grid numbers in Figure 1 ) to investigate whether any changes had occurred in sediment nutrient concentrations. During each sample term, the sample grids were located using a hand held GPS receiver (Meridian Series, Magellan) and sediments were collected using a cylindrical PVC coring tube (5 cm Ø, length 40 cm). Five sediment cores were collected from within each of the sample grids and divided into the surface (0-2 cm) and sub-surface (2-5 cm) depths before being combined, thoroughly homogenised, and stored at <4 o C in the field. Individual sediment samples were sub-sampled with a portion put aside for measuring physical sediment characteristics and for measuring nutrient concentrations.
Typically, sediment samples were transported to the laboratory within 4 h of Prior to nutrient analyses all laboratory glass-and plastic-ware were cleaned by soaking in 10% (v/v) HCl (>48 h) then rinsed three times with deionised water (Milli-Q; 18 MΩ cm). All reagents were of analytical grade purity and all water used during dilutions was deionised water. Total phosphorous (TP) sediment concentrations were determined spectrophotometrically (690 nm) as molybdate reactive phosphorous after extraction of ash-free sediment with 3.5 M HCl following modified methods of Andersen (1976) and Pardo et al., (2004 respectively. C and N sediment concentrations were determined by an elemental analyzer (EA3000, Eurovector) connected to a mass spectrometer (Isoprime, GV Instruments). The primary standards used for N were N 15 labelled ammonium (IAEA 305A) and ambient air. Sucrose (IAEA-CH-6) was used as the primary standard for C. for NH 4bio .
Mean nutrient concentrations were greater in the sub-surface sediments (369±131 μg Lower concentrations were recorded for all nutrients in the surface and subsurface sediments in sample grids dominated by sandy sediment, and most noticeably within the northeastern region. Average concentrations in sediments from the southern lake (grids 1-25), where the sediment was finer, were greater than the mean nutrient concentrations measured in the north of the lake (Table 3) . Sampled grids within the northwest arm (43, 49, 52, 56) were also mud-dominated and demonstrated higher concentrations compared to the remaining northern sediments. Sediments within the northwest arm are influenced by close range urban developments which potentially act as a source of nutrients entering the lake system.
Nutrient concentrations within the lake demonstrated no significant change between the first and second sampling terms, with increases and decreases in concentrations observed, that are most likely due to sediment heterogeneity (Table 4 ).
In general, the results suggest that the nutrient inputs and recycling between the sediment and water column, facilitated by the shallowness of the system, remained consistent between the two sampling periods. However, this simple comparison does .
When compared to coastal Australian systems, Coombabah Lake TP concentrations exceeded concentrations recorded in Oldfield Inlet and Moore River estuary (Western Australia), Gippsland Lakes (Victoria) and the almost pristine Bellinger Estuary (New South Wales ) (Smith, 1996) but were less than those found in Australian coastal systems areas of greater urban and agricultural land uses (Hill et al., 1992; Smith, 1996; Birch et al., 1999b) such as the Maroochy River (Queensland), Beaufort Inlet, Irwin Inlet and Canning River (Western Australia) (Heap et al., 2001) . TP concentrations were similar to those in Australian systems that have been modified with nutrient inputs from agriculture and urban run-off inputs (Hill et al., 1992; Smith 1996; Birch et al., 1999b) . Increased TP concentrations both at the surface and sub- Concentrations showed variability patterns similar to the TP concentrations at both sample depths, with increased concentrations located within the southern regions of the lake (Figure 2 ). Lake sediments generally demonstrated low NH 4 + bio concentrations with elevated values observed at sample grids 1-6, 52 and 56. The more elevated concentrations within the lake sediments were associated with finer sediments within the lake. Increased concentrations of NH 4 + bio may have occurred due to urban run-off from both the catchment and immediate lake surroundings containing fertilisers and decaying organic matter. Elevated NH 4 + bio and P concentrations within the lake also coincide with sediment exposure at low tide. The lake is an important area for sustaining large communities of water birds and the presence of N and also P may be due to excreta from birds that are commonly found in large numbers on the exposed sand and mud flats within the lake system. , 1965; Froelich, 1988) . Birch et al. (1999a) previously commented that this buffering mechanism suggests that when dissolved inorganic nutrient concentrations in the water column are low, nutrients will be supplied from suspended material and bottom sediments and, alternatively, when nutrient concentrations in the overlaying waters are elevated, dissolved inorganic nutrients will be removed and sequestered in the surface sediments. This has important implications for the management of Coombabah Lake, since sediments may potentially supply P and N to the water column.
Data for selected nutrients have previously been discussed for a sandier coastal Continued monitoring of the sediment quality within the lake will be necessary to ascertain changes over time and response to specific events or management actions.
As a result of the intensive 2004 sampling regime, localised areas of elevated concentrations within the lake could be observed with potential sources of nutrients identified. To determine whether these areas are a substantial source of nutrients into the overlaying waters of Coombabah Lake requires further information, such as the determination of the fluxes of P and N across the sediment-water interfaces and the investigation of processes that control both the uptake and release of P and N from surface sediments. The latter process is particularly complex and would require Figures Figure 1 Figure 2
